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Abstract. 22 commercial mixtures were compared in a mowing trial (complete block design, 
2 replicates) in 4 locations during 3 consecutive years. These mixtures contained mainly diploid and 
tetraploid varieties of Lolium perenne L.. Festuca pratensis Huds., Phleum pratense L. and Trifolium 
repens L. were also included at various times. 250 - 400 kg N.ha-1.year-1 was used. Dry matter yield 
(DM-yield), disease resistance and persistence were evaluated. Similar results were obtained for all 
three performance parameters (DM-yield, crown rust resistance and persistence) of the mixtures as 
compared with the individual components. 
There was almost no relationship between the percentage of diploid perennial ryegrass in the mixture 
and its persistence (R2 = 0.18). Similar results were obtained for the relation between the percentage of 
tetraploid perennial ryegrass in the mixture, as well as for disease resistance of the mixture in late 
summer (R2 = 0.25).  
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INTRODUCTION 
 
Belgian farmers can evaluate the potential of individual species and varieties by the 
use of the national recommended variety list of fodder crops and green manure (Chaves et al., 
2009). However, companies do not commercialise seeds of single varieties, but rather seed 
mixtures that contain several species and/or varieties. There is very little information 
available about the potential of commercial grass seed mixtures. Research on this matter is 
very exceptional, because the composition of mixtures is changing constantly and the research 
results only become available for practical use after the data is no longer relevant, owing to 
the need to test the mixtures for permanent grassland during at least 3 years. 
The aim of this experiment was to obtain correct data about the behaviour of mixtures 
and single plots of varieties and species, in order to estimate the real advantages of mixtures 
compared to single varieties. 
 
MATERIALS AND METHODS 
In this study, commercial Belgian and Dutch grass seed mixtures (22), varieties of 
Lolium perenne L. (27), of Festuca pratensis Huds. (1), Phleum pratense L. (1) and Trifolium 
repens L. (1) are compared regarding dry matter yield (DM-yield), disease resistance and 
persistence. The 52 treatments, in a complete block design with 2 replicates, were sown at 4 
locations spread over Flanders (2 sandy soils, 1 sandy loam and 1clay soil) at 40 kg ha-1 for 
the commercial mixtures as well as the varieties of Lolium perenne L. and Festuca pratensis 
Huds. Single varieties of Phleum pratense and Trifolium repens were sown at 13 kg ha-1. The 
experimental fields were intensively cultivated, with a mowing frequency of 4-6 cuts/year-1 
and a nitrogen fertilisation by chemical fertilisers between 250 and 450 kg N.ha-1/year-1. In 
each location, all plots with and without clover received the same amount of nitrogen and 
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were cut at the same time. Potassium and phosphorus were applied as necessary to replace the 
average export of these minerals. 
DM-yield was determined by cutting at least 8.4 m2 per plot. As Lolium perenne L. is 
the most-used species, and is susceptible to crown rust (Puccinia coronata) in late summer, 
disease resistance was evaluated. We used a scale of 1-9 (where 1 indicates very severe 
infection, and 9 no infection at all) when there was a severe attack of crown rust. For Festuca 
pratensis Huds. and Phleum pratense L., resistance to Drechslera was observed.  
Persistence was evaluated in a scale 1-9 (1 being very bad, and 9, very good 
persistence) at the end of the third year.  
The components of 10 of these mixtures were also sown individually. In this way, we 
could compare yield, disease resistance and persistence between mixtures and their 
components. 
 
RESULTS AND DISCUSSION 
 
Composition of the mixtures: In the mixtures sown in 1996, about 75% of the mixtures 
contained only Lolium perenne varieties: an average of 4 varieties per mixture, with a range 
of 2-8 varieties. In contrast, an overview of 51 commercial mixtures in Flanders in 2008 
(Coomans et al., 2008) showed that 66% of the mixtures contained only Lolium perenne 
varieties: an average of 4, with a range of 2-7 varieties. Legislation has dramatically reduced 
N-fertilisation, and mowing has become more important. Under these circumstances, species 
like Phleum pratense and Festuca pratensis Huds. can persist much better and were used 
more frequently in the mixtures. From these species, mainly one variety was used in the so-
called ‘complex’ mixtures. The percentage of mixtures with white clover stayed ex aequo in 
this period despite the lower N-input. This is not surprising, because the N-input is still 
considerable (legislation allows in total 350 kg N per ha). In addition, clover seeds can be 
purchased separately and added to the grass mixtures as desired.   
 
Comparison of all single varieties of Lolium perenne (27) versus single species (3) and 
all the mixtures (22) (Table 1):    
 
Tab. 1 
DM yield, disease resistance and persistence of single varieties, single species and seed mixtures (Flanders, 4 
locations, 3 years) 
 
mean STD min. max. mean STD min. max. mean STD min. max.
Single varieties of Lolium Perenne 100,0 3,4 92,8 105,8 6,1 0,7 4,9 7,4 6,9 0,8 5,4 8,5
(9 early, 6 intermediate and 12 late)
Seed mixtures (22) 101,8 2,1 97,8 106,8 6,1 0,5 5,1 7,0 6,7 0,8 5,2 8,0
Phleum pratense  Huds. (1) 100,0 8,2 5,3
Festuca pratensis  L. (1) 94,8 7,0 5,2
Trifolium repens  L. (1) 64,5 8,8 4,5
average of all treatments except T. repens  = 100 = 14,9 ton DM ha -1
DM yield disease resistance (1-9) persistence (1-9)
 
 
On average, seed mixtures mainly composed of Lolium perenne varieties yielded 1.8% 
more than single varieties of Lolium perenne and yield was more stable (standard deviation 
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STD = 2.1 versus 3.4 for the single varieties). Seed mixtures and single varieties were quite 
comparable in disease resistance (they had the same average) but the best and the worst score 
were obtained by single varieties of Lolium perenne. The average score for persistence of 
single varieties was a bit higher than for the mixtures. The highest as well as the lowest 
persistence score were also obtained by single varieties, but the differences were small.  
Agricultural use of single varieties of Lolium perenne and seed mixtures varies 
widely. Farmers should pay attention to the selection of the seed mixture, all the more 
because pastures have been in use for many years. When no information about agricultural 
value is available, mixtures give a better yield than varieties (the lowest yield level of the 
mixtures is 97.8%, as compared with the 92.8% that the single varieties yielded in this 
experiment). 
In general, diploid varieties of perennial ryegrass are more persistent than tetraploid 
varieties. Because of this, when farmers require good persistence, they tend to choose 
mixtures with a high percentage of diploids. In this experiment, however, there is only a weak 
relationship between the amount of diploid ryegrass in the mixture and the persistence score 
after 3 years of cutting management (R2 = 0.18) (Fig 1). 
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Fig 1. Persistence of mixtures in relation to the % diploid ryegrass in the mixture 
 
Another preconception that was not supported by this experiment is the increased 
susceptibility of diploid perennial ryegrass to crown rust. Tetraploid perennial ryegrass is 
widely used in mixtures because palatability in late summer is closely related to the degree of 
rust attack. However, in the three years of this experiment, there was only a weak relationship 
between the percentage of tetraploids in the mixture and the degree of  attack by diseases on 
the leaf (R2 = 0.25) (Fig 2). 
Given these results, we suggest that knowledge of individual perennial ryegrass 
varieties is more important than reliance on general statements about tetraploid vs. diploid 
perennial ryegrass.  
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Fig 2. disease resistance of mixtures in relation to the % tetraploid ryegrass in the mixture 
 
Comparison of mixtures (10) versus the individual components:    
 
Data on the DM-yield, disease resistance and persistence of mixtures as compared 
with individual components are given in Tables 2, 3 and 4. 
DM-yield is expressed as a percentage of the mean of all the treatments, minus the 
Trifolium repens L treatment..  Lolium perenne L. and Phleum pratense L. had similar yields, 
but Festuca pratensis Huds and a pure stand of Trifolium repens L. were lower in dry matter 
yield.  
 
Tab. 2 
DM-yield of mixtures and their components 
 
mixture DM-yield
number mixture Trifol. Fest.p. Lolium perenne  L. and Phleum  pratense(1)
1 100,0 99,1 100,4 105,4
2 99,6 92,8 94,6 100,2 100,4 103,0 105,4
3 100,5 95,9 97,0 99,3 100,4 105,4
4 102,7 64,5 94,6 99,3 100,4 101,3 105,4
5 103,9 99,3 101,3 103,5 105,4
6 101,2 94,8 100(1) 100,4 101,9
7 101,6 64,5 94,8 99,3 100,4 101,3 101,9 103,5 105,4
8 101,2 97,0 99,3 100,4 101,3 105,8
9 103,0 64,5 94,8 99,1 99,3 100,4 100(1) 101,3
10 97,8 94,6 100,2 105,4
100= the mean of all the treatments of the experiment except Trifolium repens  L.
LSD P 0,05 = 3,2 : classification of the mixture
DM-yield of the components of the mixture
 
 
The level of nitrogen fertilisation in these mowing trials was high: usually above 350 
kg/ha-1. Because of this, the percentage of white clover in the mixtures was too low to be 
significant. Festuca pratensis Huds did not play an important role in the botanical 
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composition, dominated by Lolium perenne L. Only mixture number 9 yielded more 
(although not significantly more), compared with its components. In 6 out of 10 cases, a 
single variety yielded significantly more than the mixture. Baert et al.(1998) and Surault et al. 
(2009) came to the same conclusion in their study of mixtures of varieties of Lolium perenne 
L.. Regarding disease resistance in late summer, we drew the same conclusion as for dry 
matter yield: only 4 out of 10  varieties scored significantly better than mixtures. 
 
Tab. 3 
Disease resistance of mixtures and their components 
 
mixture Resistance Disease resistance of the components of the mixture
number mixture Trif. rep. Fest. pr.
1 5,4 5,2 5,7 6,7
2 5,9 4,9 5,7 6,3 6,5 6,7 7,4
3 5,8 5,7 5,8 6,4 6,7 7,1
4 5,7 8,8 5,9 6,4 6,5 6,7 6,8
5 5,4 5,7 5,9 6,2 6,4
6 6,3 7,0 5,7 6,7 8,2(1)
7 5,7 8,8 7,0 5,9 6,2 6,4 6,7 7
8 6,4 5,9 6,4 6,7 7,1
9 6,0 8,8 7,0 5,2 5,9 6,4 6,7 8,2(1)
10 6,2 4,9 5,7 6,5
scale 1-9: 9 means very resistant LSD P 0,05 = 1,1  classification of the mixture
Lolium perenne L. and Phleum pratense  (1)
 
 
 
Regarding persistence, the mixture results were always within the range of the 
components. In only two cases, an individual variety persisted significantly longer than the 
mixture. 
 
Tab. 4 
Persistence of mixtures and their components 
 
Mixture Persistence
number mixture Trif. rep. Fest. pr.
1 7,7 5,8 7,7 8,0
2 6,8 5,7 5,8 7,2 7,5 8,0
3 6,3 5,8 6,2 6,8 8
4 7,2 5,3 5,7 5,8 6,8 7,3 8,0
5 7,3 6,8 7,3 7,7 8,0
6 6,7 5,2 4,5 (1) 5,8 7,8
7 7,2 5,3 5,2 5,80 6,8 7,3 7,8 8,0
8 6,3 5,8 6,2 6,8 7,3 8,0
9 7,0 5,3 5,2 4,5(1) 5,8 6,8 7,3 7,7
10 6,7 5,7 7,2 8,0
scale 1-9: 9 means very persistent  classification of the mixture
LSD P 0,05 = 1,3
Lolium perenne  L. and Phleum pratense  (1)
Persistence of the components of the mixture
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CONCLUSIONS 
 
The majority of the commercial grass seed mixtures in Flanders contain only Lolium 
perenne L. varieties: four on average, with a range of 2-8 varieties within a mixture. The 
number of multi-species mixtures has increased considerably since 1996, owing to a 
significant decrease in N fertilisation brought on by legislative changes. 
 
Agricultural use of single varieties of Lolium perenne and seed mixtures varies 
widely. Farmers would profit by increasing their knowledge of varieties and carefully 
selecting the seed mixture, all the more because pastures have been in use for many years. 
When no information about agricultural value is available, mixtures instead of single varieties 
are more likely to give a better yield. 
 
DM-yield, crown rust resistance and persistence of grass seed  mixtures were always 
within the range of the individual components during this three-year experiment. There was 
almost no relationship between the percentage of diploid perennial ryegrass in the mixture 
and its persistence (R2 = 0.18). The same result was obtained for the relation between the 
percentage of tetraploid perennial ryegrass present in the mixture and its disease resistance in 
late summer (R2 = 0.25).  
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